Abstract: Babies born in Britain to women of South Asian ethnic origin are lighter on average than the offspring of women of European origin. The causes have been incompletely elucidated but nutritional factors, low socioeconomic status and maternal pre-pregnancy weight have been implicated. This health inequality has received little policy prioritization in Britain. As further research clarifies reasons for this differential, appropriately targeted preventive strategies need to be implemented.
INTRODUCTION
There are a number of subgroups within the United Kingdom (UK) who do not enjoy the same health as the rest of the population. One such subgroup are people who originate from the Indian subcontinent ('South Asians') who are born with persistently lower birth weight compared with White Europeans in the UK. In this review I would like to describe this effect, discuss possible exposures that may account for it and explore policies that attempt to redress the differential.
Definition of South Asians
In the UK, South Asians are a heterogeneous group comprising men and women originating from the Indian subcontinent, Pakistan and Bangladesh. They share a common heritage including culture, history, political system, religion, language, geographical origin, traditions, myths, behaviours, foods, genetic similarities and physical features. 
Numbers of South Asians in Britain
The numbers of South Asian and other ethnic groups identified by self report in the 2001 UK census!) is shown in Table 1 . Clearly, South Asians are a minority in Britain.
Health status of South Asians
The health status and risk factors in South Asians differ from national rates in the UK. South Asian men and women have higher mortality from coronary heart disease (CHD) and stroke 2 ) but lower mortality from cancer. Amongst adult South Asians there are higher rates of obesity, central fat distribution and insulin resistance than in white Europeans3,4). South Asians in Britain have a higher prevalence of diabetes 5l than the general population. Smoking is more prevalent in Bangladeshis than other South Asian groups and White Europeans 6 ,.
LOW BIRTH WEIGHT
The categories of birth weight are: low birth weight « 2,500 g), very low birth weight ( < 1,500 g), extremely low birth weight ( < 1,000 g). Nationally, approximate- Adapted from Steer et al. 1995 [6] ly 33% of term babies are born low birth weighe l • Term infants may be low birth weight because they are 'small for gestational age' or 'light for date' infants. Low birth weight is defined as less than the 10th percentile of the index population's distribution of birth weights by gestation (i.e. lowest 10 percent of birth weights). Several studies have shown low birth weight occurs more commonly in South Asian babies than white European babies in the UK 8 ,9 l ; ( Table 2) . Low birth weight, as marker of intrauterine growth restriction, has been strongly associated with chronic diseases in adulthood such as cardiovascular disease 10l , hypertension lll and diabetes l2l • Low birth weight has been reported to persist in second generation South Asians in the UKI3l. In India, fat patterning at birth is also different in South Asian babies who tend to have a phenotype that favors adult cardiovascular disease and diabetes 14l • Whether this also occurs as a result of exposures in utero has not been determined.
Why is low birth weight potentially a public health problem?
Perinatal problems related to intrauterine growth restriction include: perinatal death, fetal distress, meconium aspiration syndrome, hypoglycaemia, polycythaemia or hyperviscosity and hypothermia. As noted, of potentially greater public health importance however is the observation that intrauterine growth restriction is associated with disease in adulthood 11 ,12-15l . It suggests that current health promotion strategies, directed at chronic disease in adulthood, may be irrelevant or ineffective. If early life exposures are important, then health promotion should be targeted at women in the reproductive years which has the potential to benefit future generations of adults.
Possible reasons behind such differentials
Possible reason for low birth weight in South Asians include genetic factors, placental and hormonal factors, suboptimal maternal nutrition in pregnancy, chronic infections, low pre-pregnancy weight, smoking and low socioeconomic status.
Genetic factors
South Asian neonates may be "constitutionally small" due to a genetic predisposition rather than fetal growth restriction. Mothers in India are smaller than mothers in the UK (weight, length, body mass index)14 l as are South Asian origin women in the UK. The genetic growth potential of a child is clearly related to parental size. The relative contribution of genes to growth and size attained compared to the contribution of environmental factors is not clear.
Placental and hormonal influences
Placental factors such as up/down regulation of nutrient transport, alterations in hormonal regulation or differences in vascularisation may underlie some growth restriction in utero 16l. Placental function in different ethnic groups has not been investigated in detail in the UK.
Growth hormone levels have a relatively small effect on in utero growth, although insulin and insulin-like growth factors are key modifiers of fetal growth and development. Circulating insulin-like growth factor-l concentrations, as measured in cord and fetal blood, are lower among growth-restricted neonates compared with appropriately-sized babies. Furthermore, fetal growth restriction is associated with reduced circulating levels of insulin like growth factor binding protein-3 (IGFBP-3) concentrations and elevated IGFBP-l and IGFBP-2. Insulin like growth factor-l concentrations have been found to be highest in AfricanCaribbeans compared with· Pakistani and European adults in the UK 17 l, whereas insulin-like growth factor-2 concentrations were greatest in Europeans. Clearly, there are differences in insulin-like growth factors between ethnic groups although whether these differences commence in utero is not clear.
Maternal nutrition
An extensive literature links the quality of maternal nutritional status both preconceptionally and during pregnancy with fetal development. For example, of public health importance was the finding that increased folate intake prevents neural tube defects in neonates 1Bl , irrespective of ethnicity. The quality of the gestational diet may also influence the growth of tissues (muscle) and organs (renal nephrons and pancreatic beta cells) during critical periods of development.
Interestingly, systematic reviews of the effects of nutritional supplementation in pregnancy in developed countries show a relatively small impact on fetal growth. Here, balanced protein/energy supplementation appears to marginally increase maternal weight gain and reduce numbers of small for gestational age babies 19l • Dietary supplementation does markedly improve fetal growth among poor, undernourished women in developing countries where the incidence of small for ges-tational age (SGA) births is much higher20). No analysis of supplementation by ethnicity has been reported.
The effect of a mother's own fetal experience on her capacity to nourish her fetus is also important. In a study in India, the birthweight of both parents predicted offspring birthweight 2 1).
Low birth weight has been shown to be associated with poor maternal intake of green leafy vegetables, fruit and milk and relatively high maternal energy expenditure and work load in rural India 22 ). Nutritional factors in South Asians in Britain are likely to be important since reduced intake of vitamin BI2 and folate, due to prolonged cooking of vegetables which may destroy up to 90% of folate, have been reported in Indians living in London 23 ). However, a detailed study of the quality of maternal diet in pregnancy in South Asians in the UK in relation to the risk of low birth weight in offspring is needed.
Chronic infection
Small for gestational age births are related to viral or bacterial infections in a small number of cases (5% to 10%)24). Cytomegalovirus and rubella are the viral infections most commonly associated with fetal growth restriction. Interestingly, the incidence of congenital rubella has been found to be higher in Asian than nonAsian births in England and Wales, in part due to higher susceptibility to rubella in Asian than non-Asian women 25 ). However, more recent data are needed.
Maternal weight
Low maternal pre-pregnancy weight (indicative of small pelvic dimensions) is associated with low birth weight and pre-term delivery particularly if accompanied by low weight gain in pregnancy26.27). A study in India showed that a mother's current body mass index predicts birthweight of her offspring21). In a study comparing Indian mothers in India with European mothers in the UK, Indians were younger, lighter, shorter and had a lower mean body mass index (BMI=IS.2 kg/m2) than UK mothers (BMI = 23.4 kg/m 2 )28). This persists in those who migrate to the UK, where South Asian women tend to be lighter and shorter than European origin women 3 ).
Smoking
Cigarette smoking is associated with reduced uterine blood flow and impaired fetal oxygenation. Women who smoke during pregnancy have more than twice the relative risk of delivering an SGA child compared with their non-smoking women 29 ).
In the UK over 25% women who smoke continue to do so during pregnancy. These women tend to be young, single, of lower educational achievement, and in manual occupations. Studies have found smoking to be rare in South Asian women 6 ), although because of the considerable social stigma of South Asian women smoking, these studies may underestimate the true prevalence.
Socioeconomic status
The incidence of low birthweight and pre-term birth is inversely related to socioeconomic status (SESpO.31). Low SES in pregnancy can lead to sub-optimal fetal development via several mechanisms including maternal stress, a greater likelihood of smoking and misuse of drugs and alcohol or inadequate pre-natal care 32 ). There is evidence of a SES gradient amongst South Asians in the UK with Indians being most likely to be in social classes I (professional), II (managerial and technical) and IIIN (non-manual skilled) and have highest median income (along with Europeans) and Bangladeshis having the lowest SES3). In a recent Department of Health (DoH) study published in the Research Findings Electronic Register, several social factors had improved between first and second generation Pakistani mothers in the UK including percent of unemployed, percent with no car, percent overcrowding, percent sharing a bathroom, percent youth unemployed and percent eligible for council tax rebate. These were correlated with a reduction in peri-natal mortality rate in Pakistani mothers (from 15.63 to 7.73 deaths per 1,000) but not low birth weight 33 ).
PREVENTION OF LOW BIRTH WEIGHT
In the UK, prevention of low birth weight in all ethnic groups and in disadvantaged groups in particular does not appear to be getting prioritization. A long term strategy of preventing adult disease by optimizing the health of reproductive women and the early life exposures of children is not yet a priority. One problem is that the true causes are multifaceted as outlined above. Another problem is that systematic reviews have shown that dietary interventions in pregnancy are equivocal. As indicated, interventions to optimize maternal pregnancy and birth outcomes in infants in developed countries have only marginal beneficial effects on birth weight 19 ) . Folate supplementation to women during their reproductive years has been a health promotion strategy, as has fortification of flour with folate to help prevent neural tube defects. However, there remains a substantial gap between randomized controlled trial evidence and treatment prioritization within the health service. An additional barrier is that the health of infants throughout childhood, rather than birth weight alone, are clearly important for later health.
POLICIES THAT ATTEMPT TO REDRESS THE DIFFERENTIALS
There are many programs that seek to improve the health of ethnic minorities in the UK. Although the DoH recognize that infancy and childhood are critical stages in the development of habits that affect health in adulthood, few if any programs address the issue of low birth weight.
Previously, the health care of ethnic minorities has been targeted by the DoH, for example, the policy aimed at improving mental health care (Delivering Race Equality: A Framework for Action 34 »). In relation to mother's health, the DoH have produced a National Service Framework for Children, Young People and Maternity Services which sets out that standard that Primary Care Trusts should follow in commissioning and delivering services for children 35 ) . It sets a standard for Maternity Services highlighting the importance of antenatal care but there is little emphasis on ethnic inequalities in birth weight. Even more recently, the DoH has produced a White Paper on Public Health prioritizing health care policy in areas such as smoking, obesity, alcohol as well as mental and sexual health 36 ) . Reference is made to inequalities across ethnic groups and a goal of reducing the proportion of women who smoke in pregnancy is set. Although this will inadvertently influence birth weight the primary focus appears to be tackling deprivation and disadvantage in childhood. More recently the Centre for Reviews and Dissemination have targeted ethnic minorities for the treatment of cardiovascular disease, mental health and haemoglobinopathies37). However, low birth weight is not targeted at for example, women in the reproductive years.
In other countries there have been attempts to reduce low birth weight in disadvantaged groups. In Australia, where indigenous Australians are about twice as likely to be of low birthweight as babies born to non-Indigenous mothers, the National Health and Medical Research Council have developed a policy framework called 'A Healthy Start to Life' in 2002 38 ). It will focus on the factors that promote wellbeing during periods of pregnancy, infancy, childhood and adolescence. Specific areas that it target include the identification of interventions that influence maternal health, the health of the mother and fetus during pregnancy and health of the child during infancy and childhood.
CONCLUSIONS
South Asians are an ethnic minority group in the UK who experience a higher prevalence of low birth weight than other groups. The causes have been incompletely elucidated. There is evidence that maternal nutrition, maternal weight and socioeconomic status are associated with low birth weight in South Asians. Other factors such as the placental influences and the importance of smoking as contributing factors in this group need further investigation. This health inequality has received little policy prioritization in the UK, despite the association of low birth weight with adult chronic disease. As further research clarifies reasons for this differential, appropriately targeted preventive strategies need to be implemented.
